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DOE letter COR-ES-9/12/2008-70088

To: Distribution

Subject: 2007 Annual Site Environmental Report for the Lawrence Livermore National
Laboratory

The Annual Site Environmental Report was prepared by the Lawrence Livermore National
Laboratory (LLNL) for the Department of Energy/National Nuclear Security Administration
(NNSA)/Livermore Site Office. It provides a comprehensive summary of the environmental
program activities at LLNL for calendar year 2007. This report is prepared annually and is made
available to relevant regulatory agencies and other interested organizations and individuals.

The information in this report has been reviewed by NNSA and LLNL personnel for accuracy.
The review was based on quality assurance and quality control protocols applied to monitoring
and data analyses at LLNL.

LLNL is committed to achieving continuous improvement in environmental performance
through pollution prevention, energy efficiency, and other measures. Environmental monitoring
of emission sources indicates compliance with environmental regulations. Remediation
activities continue to reduce contaminants at both the Livermore Site and Site 300.

The environmental protection and compliance programs at LLNL are implemented to ensure the
health and safety of employees, and residents of neighboring communities, in addition to the
preservation of the environment.

Sincerely,

b [——

Michael G. Brown
Assistant Manager for
Environmental Stewardship
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Preface

The purposes of the Lawrence Livermore National Laboratory Environmental Report 2007 are to
record Lawrence Livermore National Laboratory’s (LLNL’s) compliance with environmental
standards and requirements, describe LLNL’s environmental protection and remediation
programs, and present the results of environmental monitoring at the two LLNL sites—the
Livermore site and Site 300. The report is prepared for the U.S. Department of Energy (DOE) by
LLNL’s Environmental Protection Department. Submittal of the report satisfies requirements
under DOE Order 231.1A, Environmental Safety and Health Reporting, and DOE Order 5400.5,
Radiation Protection of the Public and Environment.

The report is distributed electronically and is available at https://saer.lIn.gov/, the website for the
LLNL annual environmental report. Previous LLNL annual environmental reports beginning in
1994 are also on the website. Some references in the electronic report text are underlined, which
indicates that they are clickable links. Clicking on one of these links will open the related
document, data workbook, or website that it refers to.

The report begins with an executive summary, which provides the purpose of the report and an
overview of LLNL’s compliance and monitoring results. The first three chapters provide
background information: Chapter 1 is an overview of the location, meteorology, and
hydrogeology of the two LLNL sites; Chapter 2 is a summary of LLNL’s compliance with
environmental regulations; and Chapter 3 is a description of LLNL’s environmental programs
with an emphasis on the Environmental Management System including pollution prevention.

The majority of the report covers LLNL’s environmental monitoring programs and monitoring
data for 2007: effluent and ambient air (Chapter 4); waters, including wastewater, storm water
runoff, surface water, rain, and groundwater (Chapter 5); and terrestrial, including soil, sediment,
vegetation, foodstuff, ambient radiation, and special status wildlife and plants (Chapter 6).
Complete monitoring data, which are summarized in the body of the report, are provided in
Appendix A.

The remaining three chapters discuss the radiological impact on the public from LLNL operations
(Chapter 7), LLNL’s groundwater remediation program (Chapter 8), and quality assurance for the
environmental monitoring programs (Chapter 9).

The report uses Systeme International units, consistent with the federal Metric Conversion Act of
1975 and Executive Order 12770, Metric Usage in Federal Government Programs (1991). For
ease of comparison to environmental reports issued prior to 1991, dose values and many
radiological measurements are given in both metric and U.S. customary units. A conversion table
is provided in the glossary.

The report is the responsibility of LLNL’s Environmental Protection Department. Monitoring
data were obtained through the combined efforts of the Environmental Protection Department;
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Preface

Environmental Restoration Department; Chemistry, Materials and Life Sciences Environmental
Services’ Environmental Monitoring Radiation Laboratory; and the Hazards Control Department.

Special recognition is given to the technologists who gathered the data—Gary A. Bear, Karl
Brunckhorst, David J. Castro, Crystal Foster, Steven Hall, Renee Needens, Terrance W. Poole,
Donald G. Ramsey, and Robert Williams; and to the data management personnel—Hildy Kiefer,
Kimberley A. Swanson, Suzanne Chamberlain, Nancy Blankenship, Connie Wells, Lisa Graves,
Courtney Cook, Della Burruss, and Susan Lambaren. Special thanks to Loni Hoellworth for
helping with distribution.
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Executive Summary

Lawrence Livermore National Laboratory (LLNL) is a premier research laboratory that is part of
the National Nuclear Security Administration (NNSA) within the U.S. Department of Energy
(DOE). As a national security laboratory, LLNL is responsible for ensuring that the nation’s
nuclear weapons remain safe, secure, and reliable. The Laboratory also meets other pressing
national security needs, including countering the proliferation of weapons of mass destruction and
strengthening homeland security, and conducts major research in atmospheric, earth, and energy
sciences; bioscience and biotechnology; and engineering, basic science, and advanced
technology. The Laboratory serves as a scientific resource to the U.S. government and a partner
to industry and academia.

Since its inception in 1952 until October 1, 2007, LLNL was managed by the University of
California. In May 2007, DOE selected Lawrence Livermore National Security, LLC (LLNS), to
manage the Laboratory under a seven-year contract that began on October 1, 2007.

LLNL operations release a variety of constituents into the environment via atmospheric, surface
water, and groundwater pathways. Some of the constituents, such as particles from diesel engines,
are common at many types of facilities while others, such as radionuclides, are unique to facilities
like LLNL. All releases are highly regulated and carefully monitored.

Safe, secure, and efficient operations that provide a safe, clean environment for employees and
neighboring communities are a necessary part of the Laboratory’s research and development
programs and underpin their success. Experts in environment, safety and health (ES&H) support
all Laboratory activities. LLNL’s radiological control program ensures that radiological
exposures and releases are reduced to as low as reasonably achievable to protect the health and
safety of its employees, contractors, the public, and the environment.

LLNL is committed to enhancing its environmental stewardship and reducing any impacts its
operations may have on the environment. The Laboratory encourages the public to participate in
matters related to the Laboratory’s environmental impact on the community by soliciting citizens’
input on matters of significant public interest and through various communications. The
Laboratory also provides public access to information on its ES&H activities.

LLNL consists of two sites—an urban site in Livermore, California, referred to as the “Livermore
site,” which occupies 1.3 square miles; and a rural Experimental Test Site, referred to as

“Site 300,” near Tracy, California, which occupies 10.9 square miles. In 2007 the Laboratory had
a staff of more than 8000.

Purpose and Scope of the Environmental Report

The purposes of the Environmental Report 2007 are to record LLNL’s compliance with
environmental standards and requirements, describe LLNL’s environmental protection and
remediation programs, and present the results of environmental monitoring. Specifically, the
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Executive Summary

report discusses LLNL’s Environmental Management System; describes significant
accomplishments in pollution prevention; presents the results of air, water, vegetation, and
foodstuff monitoring; reports radiological doses from LLNL operations; summarizes LLNL’s
activities involving special status wildlife, plants, and habitats; and describes the progress LLNL
has made in remediating groundwater contamination.

Environmental monitoring at LLNL, including analysis of samples and data, is conducted
according to LLNL’s Environmental Protection Department Quality Assurance Management
Plan, which is based on DOE Order 414.1C, Quality Assurance.

This report is prepared for DOE by LLNL’s Environmental Protection Department. Submittal of
the report satisfies requirements under DOE Order 231.1A, Environmental Safety and Health
Reporting, and DOE Order 5400.5, Radiation Protection of the Public and Environment. The
report is distributed in electronic form and is available to the public at https://saer.linl.gov/, the
website for the LLNL annual environmental report. Previous LLNL annual environmental reports
beginning in 1994 are also on the website.

Regulatory Permitting and Compliance

LLNL undertakes substantial activities to comply with many federal, state, and local
environmental laws. The major permitting and regulatory activities that LLNL conducts are
required by the Clean Air Act; the Clean Water Act and related state programs; the Emergency
Planning and Community Right-to-Know Act, the Resource Conservation and Recovery Act and
state and local hazardous waste regulations; the National Environmental Policy Act and the
California Environmental Quality Act; the Endangered Species Act; the National Historic
Preservation Act; the Antiquities Act; and the Comprehensive Environmental Response,
Compensation and Liability Act.

Environmental Management System

EX-2

LLNL established its Environmental Management System (EMS) to meet the requirements of the
International Organization for Standardization (ISO) 14001:1996 in June 2004. In June 2006,
LLNL upgraded its EMS to meet the requirements of 1SO 14001:2004. In late 2006, the EMS
was extended to the directorate level.

To further implement LLNL’s EMS, a Multi-Directorate Consortium was formed to provide a
forum for identifying common environmental issues. The Consortium was a venue for
presentations on shared chemical usage, energy topics, and office paper use and reduction.
During 2007, six directorates completed one or more directorate environmental management
plans (EMPs) and the EMPs developed to address Lab-wide environmental aspects during 2006
are still in progress or contain an ongoing component.
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Pollution Prevention

A strong Pollution Prevention (P2) Program is an essential element of LLNL’s EMS. The P2
Team is responsible for P2 program stewardship and maintenance, waste stream analysis, waste
generation reporting, and coordination of institutional P2 programs and activities.

Two LLNL projects were selected by NNSA/Headquarters to receive 2007 Environmental
Stewardship awards. The first award was for the Space Action Team’s “Assets for Value”
process, which allows the reuse/salvage value of materials to be included as an offset to bids for
decontamination and demolition. The second award was to Fleet Management for the
construction and operation of an E85 fuel dispensing station.

LLNL also conducted activities to promote employee awareness of P2, including the annual Earth
Expo held in April to coincide with Earth Day, articles in the LLNL newspaper, and training for
procurement staff.

Air Monitoring

LLNL operations involving radioactive materials had minimal impact on ambient air during
2007. Estimated nonradioactive emissions are small compared to local air district emission
criteria.

Releases of radioactivity to the environment from LLNL operations occur through stacks and
from diffuse area sources. In 2007, radioactivity released to the atmosphere was monitored at six
facilities on the Livermore site and one at Site 300. In 2007, 0.57 TBq (15.4 Ci) of tritium was
released from the Tritium Facility, and 1.7 GBq of tritium (46 mCi) was released from the
Decontamination and Waste Treatment Facility. The Contained Firing Facility at Site 300 had
2.1 kBq (57 nCi) of depleted uranium released in particulate form in 2007. None of the other
facilities monitored for gross alpha and gross beta radioactivity had emissions in 2007.

The magnitude of nonradiological releases (e.g., reactive organic gases/precursor organic
compounds, nitrogen oxides, carbon monoxide, particulate matter, sulfur oxides) is estimated
based on specifications of equipment and hours of operation. Estimated releases in 2007 for the
Livermore site were of similar levels to those in 2006; estimated releases at Site 300 were higher
in 2007 than in 2006 due primarily to the required periodic preventative maintenance of
emergency stand-by diesel generators. Nonradiological releases from LLNL continue to be a
very small fraction of releases from all sources in the Bay Area or San Joaquin County.

In addition to air effluent monitoring, LLNL samples ambient air for tritium, radioactive particles,
and beryllium. Some samplers are situated specifically to monitor areas of known contamination;
some monitor potential exposure to the public; and others, distant from the two LLNL sites,
monitor the natural background. In 2007, ambient air monitoring data confirmed estimated
releases from monitored stacks and were used to determine source terms for resuspended
plutonium-contaminated soil and tritium diffusing from area sources at the Livermore site and

LLNL Environmental Report 2007 EX-3



Executive Summary

resuspended uranium-contaminated soil at Site 300. In 2007, radionuclide particulate, tritium, and
beryllium concentrations in air at the Livermore site and in the Livermore Valley were well
below the levels that would cause concern for the environment or public health.

Water Monitoring

EX-4

Monitoring of various categories of water is carried out to determine whether any radioactive or

nonradioactive constituents released by LLNL might have a negative impact on public health and
the environment. Data indicate LLNL has good control of its discharges to the sanitary sewer, and
discharges to the surface water and groundwater do not have any apparent environmental impact.

Permits, including one for discharging treated groundwater from the Livermore site Ground
Water Project, regulate discharges to the City of Livermore sanitary sewer system. During 2007,
no discharges to the sanitary sewer exceeded any effluent limits for radioactive materials, and all
the values were less than 2% of the allowed limits. For nonradioactive materials, there was one
excursion outside the permissible pH range (see Section 5.1.1.2); all other constituents were
less than 20% of the allowed limits. All discharges to the Site 300 sewage evaporation and
percolation ponds were within permitted limits, and groundwater monitoring showed no
measurable impacts.

Storm water is sampled for constituents such as radioactivity, metals, oxygen, dioxins,
polychlorinated biphenyls (PCBs), and nitrate both upstream and downstream from both the
Livermore site and Site 300. In 2007, no acute or chronic toxicity was seen in runoff, and data
showed that the quality of Livermore site storm water effluent was similar to that entering the site
(influent). At Site 300 in 2007, data continued to show that most constituents are transported
sorbed to suspended sediments and that concentrations remained below levels of environmental
concern.

Extensive monitoring of groundwater occurs at and near the Livermore site and Site 300.
Groundwater from wells downgradient from the Livermore site is analyzed for pesticides,
herbicides, radioactivity, nitrates, and hexavalent chromium. To detect any off-site contamination
quickly, the well water is sampled in the uppermost water-bearing layers. Near Site 300,
monitored constituents in off-site groundwater include explosives residue, nitrate, perchlorate,
metals, volatile and semivolatile organic compounds, tritium, uranium, and other (gross alpha and
beta) radioactivity. With the exception of volatile organic compounds (VOCs) in wells monitored
for CERCLA compliance, the constituents of all off-site samples collected at both the Livermore
site and Site 300 in 2007 were below allowable limits for drinking water.

Surface waters and drinking water are analyzed for tritium and gross alpha and gross beta
radioactivity. In the Livermore Valley, the maximum tritium activity was less than 1% of the
drinking water standard, and the maximum gross alpha and gross beta measurements were less
than 35% of their respective drinking water standards. For Lake Haussmann (formerly called the
Drainage Retention Basin) on the Livermore site, levels of gross alpha, gross beta, tritium,
metals, and pesticides were below discharge limits, and organics and PCBs were below detection
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limits. Aquatic bioassays for acute and chronic toxicity showed no effects in water discharged
from Lake Haussmann. At Site 300, maintenance and the operation of drinking water and cooling
systems resulted in discharges that were below permitted limits.

Terrestrial Radiological Monitoring

The impact of LLNL operations on surface soil, sediment, and vadose zone soils in 2007 was
insignificant. Soils and sediments are analyzed for plutonium, gamma-emitting radionuclides,
tritium, total and soluble metals, and PCBs as appropriate. Plutonium concentrations at the
Livermore Water Resources Division (formerly called the Livermore Water Reclamation Plant)
continued to be high relative to other sampled locations, but even this concentration was only
1.5% of the screening level for cleanup recommended by the National Council on Radiation
Protection (NCRP). At Site 300, soils are analyzed for gamma-emitting radionuclides and
beryllium. In 2007, uranium-238 concentrations in soils at Site 300 were below NCRP-
recommended screening levels. Beryllium concentrations were within the ranges reported since
sampling began in 1991.

Vegetation and Livermore Valley wine were sampled for tritium. In 2007, the median
concentrations in all off-site vegetation samples were below the lower limit of detection of the
analytical method. The highest concentration of tritium in Livermore Valley wines sampled in
2007 was 0.3% of the drinking water standard.

LLNL’s extensive network of thermoluminescent dosimeters and real-time sensors measure the
natural terrestrial and cosmogenic background; in 2007, as in recent years, no impact from LLNL
operations was detected.

Biota

Through monitoring and compliance activities in 2007, LLNL avoided most impacts to special
status species and enhanced some habitats. LLNL studies, preserves, and tries to improve the
habitat of five species at Site 300 that are covered by the federal or California Endangered
Species Acts—California tiger salamander (Ambystoma californiense), California red-legged frog
(Rana aurora draytonii), Alameda whipsnake (Masticophus lateralis euryxanthus), valley
elderberry longhorn beetle (Desmocerus californicus dimorphus), and the large-flowered
fiddleneck (Amsinckia grandiflora)—as well as species that are rare and otherwise of special
interest. At Site 300, LLNL monitors populations of birds and rare species of plants and also
continues restoration activities for the four rare plant species known to occur at Site 300—the
large-flowered fiddleneck, the big tarplant (Blepharizonia plumosa, also known as Blepharizonia
plumosa subsp plumosa), the diamond-petaled poppy (Eschscholzia rhombipetala), and the round-
leaved filaree (Erodium macrophyllum).

LLNL took several actions to control invasive species in 2007. Measures taken at the Livermore
site to control bullfrogs, which are a significant threat to California red-legged frogs, included
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dispatching adults, removing egg masses, and allowing part of Arroyo Las Positas to dry out in
October 2007. Site 300’s invasive species control efforts have been focused largely on
dispatching feral pigs. In 2007, six feral pigs were dispatched.

The 2007 radiological doses calculated for biota at the Livermore site or Site 300 were far below
screening limits set by DOE, even though highly conservative assumptions maximized the
potential effect of LLNL operations on biota.

Radiological Dose

Annual radiological doses at the Livermore site and Site 300 in 2007 were found to be well below
the applicable standards for radiation protection of the public. Dose calculated to the site-wide
maximally exposed individual (SW-MEI) for 2007 was 0.031 uSv (0.0031 mrem) for the
Livermore site and 0.035 pSv (0.0035 mrem) at Site 300. These doses are well below the federal
National Emissions Standards for Hazardous Air Pollutants of 100 uSv (10 mrem) and are
significantly less than the doses from natural background radiation (see Section 7.3.4). Four
sources of tritium at LLNL contributed nearly 100% of the dose received by the SW-MEI. There
were no unplanned releases of radionuclides to the atmosphere at the Livermore site or at

Site 300.

Groundwater Remediation

EX-6

Groundwater at both the Livermore site and Site 300 is contaminated from historical operations;
the contamination, for the most part, is confined to each site. Groundwater at both sites is
undergoing cleanup under the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA). Remediation activities removed contaminants from groundwater and
soil vapor at both sites, and documentation and investigations continue to meet regulatory
milestones.

At the Livermore site, contaminants include VOCs, fuel hydrocarbons, metals, and tritium, but
only the VOCs in groundwater and saturated and unsaturated soils need remediation. VOCs are
the main contaminant found at the nine Site 300 operable units (OUs). In addition, nitrate,
perchlorate, tritium, high explosives, depleted uranium, organosilicate oil, and metals are found at
one or more of the OUs.

In 2007, concentrations continued to decrease in most of the Livermore site VOC plumes due to
active remediation and the removal of more than 318 kg of VOCs from both groundwater and soil
vapor. VOC concentrations on the western margin of the site continued their decline, indicating
effective hydraulic control of the boundary plumes. In the interior of the site, remediation
activities, including soil vapor extraction, dual extraction, and groundwater extraction, have
resulted in declines of VOC concentrations in source areas.
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In 2007 at Site 300, perchlorate, nitrate, the high explosive RDX, and organosilicate oil were
removed from groundwater in addition to about 62 kg of VOCs. Each Site 300 OU has a different
profile of contaminants, but overall, groundwater and soil vapor extraction and natural attenuation
continue to reduce the mass of contaminants in the subsurface. Cleanup remedies have been fully
implemented and are operational at seven of the nine OUs at Site 300; cleanup remedies for one
of the remaining units has been submitted and the Remedial Investigation/Feasibility Study for
the other OU is scheduled for 2008.

Conclusion

The combination of surveillance and effluent monitoring, source characterization, and dose
assessment showed that the radiological dose to the hypothetical, most-exposed member of the
public caused by LLNL operations in 2007 was substantially less than the dose from natural
background. Potential dose to biota was well below DOE screening limits. LLNL demonstrated
good compliance with permit conditions for releases to air and to water. Analytical results and
evaluations of air and various waters potentially impacted by LLNL operations showed minimal
contributions from LLNL operations. Remediation efforts at both the Livermore site and Site 300
further reduced concentrations of contaminants of concern in groundwater and soil vapor.
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1. Introduction

Lawrence Livermore National Laboratory (LLNL) is a premier research laboratory that is part of
the National Nuclear Security Administration (NNSA) within the U.S. Department of Energy
(DOE). The DOE selected Lawrence Livermore National Security (LLNS) to manage and operate
LLNL. The contract began October 1, 2007. The new management team includes Bechtel
National, University of California, BWX Technologies (BWXT), Washington Group
International, Battelle, and Texas A&M University.

As a national security laboratory, LLNL is responsible for ensuring that the nation’s nuclear
weapons remain safe, secure, and reliable. The Laboratory also meets other pressing national
security needs, including countering the proliferation of weapons of mass destruction and
strengthening homeland security, and conducts major research in atmospheric, earth, and energy
sciences; bioscience and biotechnology; and engineering, basic science, and advanced
technology. The Laboratory, with a staff of more than 8000, serves as a scientific resource to the
U.S. government and a partner to industry and academia.

1.1 Location

LLNL consists of two sites—an urban site in Livermore, California, referred to as the “Livermore
site”; and a rural experimental test site, referred to as “Site 300,” near Tracy, California. See
Figure 1-1.

Figure 1-1. Location of the two LLNL sites—the Livermore site and Site 300.

The Livermore site is just east of Livermore, a city of about 80,000 in Alameda County. The site
occupies 1.3 mi2, including the land that serves as a buffer zone around most of the site.
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Within an 50-mi radius of the Livermore site are communities such as Tracy and Pleasanton and
the more distant (and more densely populated) cities of Oakland, San Jose, and San Francisco. Of
the 7.1 million people within 50 mi of the Laboratory, only about 10% are within 20 mi.

Site 300, LLNL’s Experimental Test Site, is located in the Altamont Hills of the Diablo Range
and straddles the San Joaquin and Alameda county line. The site is 12 mi east of the Livermore
site and occupies 10.9 mi2.

The city of Tracy, with a population of over 80,000, is approximately 6 mi to the northeast
(measured from the northeastern border of Site 300 to Sutter Tracy Community Hospital). Of the
6.2 million people who live within 50 mi of Site 300, 95% are more than 20 mi away in distant
metropolitan areas such as Oakland, San Jose, and Stockton.

1.2 Meteorology

Meteorological towers at both the Livermore site and Site 300 continuously gather data including
wind speed, wind direction, rainfall, humidity, solar radiation, and air temperature. Mild, rainy
winters and warm-to-hot, dry summers characterize the climate at both sites. For a detailed
review of the climatology for LLNL, see Gouveia and Chapman (1989). A new 52-m
meteorological tower was installed at Site 300 in 2007; this new tower and the old 8-m tower in
use since 1979 provided simultaneous measurements during 2007 for continuity and to observe
any differences between the two tower locations. The old tower was retired in early 2008.

Both wind and rainfall exhibit strong seasonal patterns. Wind patterns at both sites tend to be
dominated by the thermal draw of the warm San Joaquin Valley that results in wind blowing from
the cool ocean toward the warm valley during the warm season, increasing in intensity as the
valley heats up. During the winter, the wind blows from the northeast more frequently as cold,
dense air spills out of the San Joaquin Valley. Approximately 55% of the seasonal rain at both
sites falls in January, February, and March and approximately 80% falls in the five months from
November through March, with very little rain falling during the warmer months. For a detailed
review of rainfall at LLNL, see Bowen (2007). The meteorological conditions at Site 300 are
modified by higher elevation and more pronounced topological relief. The complex topography
of the site strongly influences local wind and temperature patterns.

The wind patterns, or wind roses, for the two towers at Site 300 are similar but they do show
subtle differences. The data from the old tower indicates a distinct maximum from the west—
southwest while the data from the new tower has the peak spread over the southwest and west—
southwest sectors. Similarly the old tower data indicates a secondary peak of winds blowing from
the northwest and north—northwest while the secondary peak at the new tower includes a slightly
greater frequency of winds from adjacent sectors (west—northwest and north). Possible
explanations for these subtle differences are that the new tower is located on grassy terrain and
just downwind of higher terrain while the old tower is located on a small hill and therefore
experiences less frictional effect from the ground. The new tower is also located at a slightly
higher elevation and possibly receives more mixing from higher winds.
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Temperature, rainfall, and wind speed data for the Livermore site and Site 300 towers during
2007 are summarized in Table 1-1. Annual wind data for the Livermore site and Site 300 are
shown in Figure 1-2.

Table 1-1. Summary of temperature, rainfall, and wind speed data at the Livermore site and

Site 300 during 2007.

Site 300 Site 300
Livermore Site (old tower) (new tower)
Temperature °C °F °C °F °C °F

Mean daily maxi- 22.6 72.6 214 70.5 22.0 71.6
mum
Mean daily minimum 7.0 44.6 12.2 54.0 11.6 52.9
Average 14.8 58.6 16.8 62.2 16.8 62.2
High 42.0 108 394 103 39.9 104
Low -6.7@) 20@) -2.8 27 -3.1 26
Rainfall cm in. cm in. cm in.
Total for 2007 21.7 8.53 18.8 7.40 17.9 7.04
Normal®) 34.6 13.62 27.0 10.64 —© —©
Wind m/s mph m/s mph m/s mph

Average speed 2.5 5.6 6.4 14.4 6.3 14.1

Peak gust speed 18.3 41 28.3 63 315 71

(a) Record low.

(b) Based on the mean, 1971-2000, at both sites.

(c) Normal values not available because of brief measurement history at new tower.

1.3 Topography

The Livermore site is located in the southeastern portion of the Livermore Valley, a prominent
topographic and structural depression oriented east—west within the Diablo Range. The most
prominent valley in the Diablo Range, the Livermore Valley is bounded on the west by
Pleasanton Ridge and on the east by the Altamont Hills. The valley is approximately 14 mi long
and varies in width generally between 2.5 and 7 mi. The valley floor is at its highest elevation of
720 ft above sea level along the eastern margin near the Altamont Hills and dips gradually to
300 ft at the southwestern corner. The valley floor is covered primarily by alluvial and floodplain
deposits consisting of gravels, sands, silts, and clays with an average thickness of about 325 ft.
Ephemeral waterways flowing through the Livermore site include Arroyo Seco along the
southwestern corner and Arroyo Las Positas along the eastern and northern perimeters. See
Karachewski et al. (2008) for a detailed discussion of the Livermore site hydrogeology.
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Figure 1-2. Wind roses showing wind direction and speed frequency at the Livermore site and
Site 300 during 2007. The length of each spoke is proportional to the frequency at
which the wind blows from the indicated direction. Different line widths of each

spoke represent wind speed classes.
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The topography of Site 300 is much more irregular than that of the Livermore site; a series of
steep hills and ridges is oriented along a generally northwest—southeast trend and is separated by
intervening ravines. The Altamont Hills, where Site 300 is located, are part of the California
Coast Range Province and separate the Livermore Valley to the west from the San Joaquin Valley
to the east. The elevation of Site 300 ranges from about 1740 ft above sea level at the
northwestern corner of the site to approximately 490 ft in the southeastern portion. Corral Hollow
Creek, an ephemeral stream that drains toward the San Joaquin Basin, runs along the southern
and eastern boundaries of Site 300.

1.4 Hydrogeology

The Livermore Formation and overlying alluvial deposits contain the primary aquifers of the
Livermore Valley groundwater basin. Natural recharge occurs primarily along the basin margins
and arroyos during wet winters. In general, groundwater flows toward the central east—west axis
of the valley and then westward through the central basin. Groundwater flow in the basin is
primarily horizontal, although a significant vertical component probably exists along the basin
margins under localized sources of recharge and near heavily used extraction or water production
wells. Beneath the Livermore site, the depth to the water table varies from about 30 to 130 ft
below the ground surface.

Site 300 is generally underlain by gently dipping sedimentary bedrock dissected by steep ravines.
The bedrock is made up primarily of interbedded sandstone, siltstone, and claystone.
Groundwater occurs primarily in the Neroly Formation upper and lower blue sandstone units and
in the underlying Cierbo Formation. Significant groundwater is also locally present in permeable
Quaternary alluvium valley fill and underlying decomposed bedrock, especially during wet
winters. Much less groundwater is present within perched aquifers in the unnamed Pliocene
nonmarine unit. Perched aquifers contain unconfined groundwater separated from an underlying
main body of groundwater by impermeable layers; normally these perched zones are laterally
discontinuous. Because water quality is generally poor and yields are low, these perched water-
bearing zones do not meet the State of California criteria for aquifers that are potential water
supplies. Recharge occurs predominantly in locations where saturated alluvial valley fill is in
contact with underlying permeable bedrock or where permeable bedrock strata crop out along the
canyon bottom because of structure or topography. Local recharge also occurs on hilltops,
creating some perched water-bearing zones. Low rainfall, high evapotranspiration, steep
topography, and intervening aquitards generally preclude direct vertical recharge of the deeper
bedrock aquifers.

The thick Neroly Formation lower blue sandstone, stratigraphically near the base of the
formation, generally contains confined groundwater. Wells located in the western part of the
Site 300 General Services Area pump water from this aquifer, which is used for drinking and
process supply.

Contributing Authors
Lindee Berg, Brent Bowen, Donald MacQueen, Sandra Mathews, Michael Taffet
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2. Compliance Summary

LLNL activities comply with federal, state, and local environmental regulations, internal
requirements, Executive Orders, and applicable DOE orders. This chapter provides an overview
of LLNL’s compliance programs and activities during 2007. Table 2-1 is a summary of active
permits in 2007 at the Livermore site and Site 300. Table 2-2 lists inspections, tours, and
findings from these at both LLNL sites in 2007.

2.1
2.1.1

Environmental Restoration and Waste Management
Comprehensive Environmental Response, Compensation and Liability Act

Ongoing remedial investigations and cleanup activities at LLNL fall under the jurisdiction of the

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA), Title | of
the Superfund Amendments and Reauthorization Act (SARA). CERCLA is commonly referred to
as the Superfund law.

CERCLA compliance activities for the Livermore site and Site 300 are summarized in
Sections 2.1.1.1 and 2.1.1.2. Community relations activities conducted by DOE/LLNL are also
part of these projects. See Chapter 8 for more information on the activities and findings of the
investigations.

2.1.1.1 Livermore Site Ground Water Project

The Livermore site came under CERCLA in 1987 when it was placed on the National Priorities
List. The Livermore Site Ground Water Project (GWP) complies with provisions specified in a
Federal Facility Agreement (FFA) entered into by the U.S. Environmental Protection Agency
(EPA), DOE, the California EPA’s Department of Toxic Substances Control (DTSC), and the San
Francisco Bay Regional Water Quality Control Board (SFBRWQCB). As required by the FFA,
the GWP addresses compliance issues by investigating potential contamination source areas (e.g.,
suspected old release sites, solvent-handling areas, leaking underground tank systems),
monitoring water quality through an extensive network of wells, and remediating contaminated
soil and groundwater. The primary soil and groundwater contaminants (constituents of concern)
are common volatile organic compounds (VOCSs), primarily TCE and PCE.

Significant GWP restoration activities in 2007 included installing one dual (groundwater and soil
vapor) extraction well and two soil vapor extraction wells, and focusing efforts on enhanced
source area remediation. LLNL met all regulatory and DOE milestones on schedule.

Treatment Facilities. In 2007, LLNL operated 29 groundwater treatment facilities. The

95 groundwater extraction wells and 27 dual extraction wells produced nearly 1.1 billion L of
groundwater and removed approximately 71 kg of VOCs. Since remediation began in 1989, more
than 12.9 billion L of groundwater have been treated, resulting in the removal of more than

1317 kg of VOCs.
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Table 2-1. Active permits in 2007 at the Livermore site and Site 300.

Type of permit

Livermore site®

Site 300@

Hazardous
waste

Medical waste

Air

Storage tanks

Sanitary
sewer

Water

EPA ID No. CA2890012584. Hazardous Waste Facility Permit Number 99-NC-006
(RCRA Part B permit)—to operate hazardous waste management facilities.
Registered Hazardous Waste Hauler authorized to transport wastes from Site 300 to
the Livermore site.

Conditionally Exempt Specified Wastestream permit to mix resin in Unit CE231-1.
Conditional Authorization Permit to operate sludge dewatering unit in Building 322A.

ACDEH issued a permit that covers medical waste generation and treatment activities
for the eight BSL 2 facilities, and the BSL 3 facility at Building 368.

BAAQMD issued 177 permits for operation of various types of equipment.
BAAQMD issued a SMOP to ensure the Livermore site does not exceed federal
Clean Air Act Title V emission limits for regulated pollutants.

CARB issued 5 permits for the operation of portable diesel air compressors and gen-
erators.

Seven operating permits covering 10 underground petroleum product and hazardous
waste storage tanks.

Discharge Permit 1250 for discharges of wastewater to the sanitary sewer.
Permit 1510G for discharges of groundwater from restoration.

WDR No. 88-075 for discharges of treated groundwater from Treatment Facility A to

recharge basin.(©

NPDES Permit No. CA0030023 for discharges of storm water associated with indus-
trial activities and low-threat nonstorm water discharges to surface waters.

NPDES General Permit No. CAS000002; Soil Reuse Project (201C349339); National
Ignition Facility (201C349114); A-4 & Z-5S Parking Lots (201C333137); D-4 Parking

Lot (201C342783); and E-9 Parking Lot (201C349049); for discharges of storm water
associated with construction activities affecting 0.4 hectares (1 acre) or more.

FFA for groundwater investigation/remediation.

EPA ID No. CA2890090002. Hazardous Waste Facility Permit—CSA
(Building 883) and EWSF.

Hazardous Waste Facility Permit —EWTF.
Hazardous Waste Facility Post-Closure Permit—Building 829 High Explo-
sives Open Burn Treatment Facility.

NA

SJVAPCD issued 36 permits for operation of various types of equipment.
SJVAPCD approved a Prescribed Burn Plan for the burning of 2042.7
acres of grassland.

BAAQMD issued 1 permit for the operation of an emergency diesel gen-
erator.

BAAQMD approved a Prescribed Burn Plan for the burning of 139.1 acres
of grassland.

One operating permit covering three underground petroleum product tanks
assigned individual permit numbers.

WDR No. 96-248 for operation of sewage evaporation and percolation
ponds.

WDR No. 93-100 for post-closure monitoring requirements for two Class |
landfills.
WDR No. 96-248 for discharges to equipment wastewater percolation pits.

NPDES General Permit No. CAS000001 for discharge of storm water as-
sociated with industrial activities.

NPDES Regional General Permit No. CAG995001 for large volume dis-
charges from the drinking water system.

FFA for groundwater investigation/remediation.
34 registered Class V injection wells.

Note: See the Acronyms and Glossary section for acronym definitions.

@
(b)
(©

occurs; however, the agency has not rescinded the permit.

2-2

Numbers of permits are based on actual permitted units or activities maintained and/or renewed by LLNL during 2007.
Permit 1250 includes some wastewater generated at Site 300 and discharged at the Livermore site.
Recharge basins referenced in WDR Order No. 88-075 are located south of East Avenue within Sandia National Laboratories/California boundaries. The discharge no longer
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Table 2-2. Inspections of Livermore site and Site 300 by external agencies in 2007.

Site Medium Description Agency Date Finding
L.ivermore Waste Hazardous waste facilities Compliance DTSC 9/26/07 Received one minor violation for an incorrect TSDF date on LLNL'’s
site Evaluation Inspection (CEI) 10/9/07-10/11/07 operating record (Container Contents Report) that did not reflect the
container in the Building 693 roll-off bin with the oldest TSDF date. The
correct TSDF date was placed on the roll-off bin and no further action is
required.
Hazardous waste generator areas (SAAs ACDEH- 7/25/07 No violations were issued during the inspection close-out meeting.
and WAAs), Conditionally Exempt Speci- CUPA 8/9/07 LLNL has not yet received the final inspection report.
fied Wastestream for resin mixing unit in 9/5/07
CE231-1, Conditional Authorization Unit 9/6/07
in Building 322A, Hazardous Materials 9/10/07
Release Response Plans and Inventories 9/12/07
(Business Plans) and CalARP Program
Medical waste ACDEH 11/28/07 No violations
Discarded Certified Appliances ACDEH 1/18/07 No violations
Major
Appliances
Waste Tires Waste Tire Management Inspection ACDEH 1/17/07 No violations
Air 39 emission sources BAAQMD 7/26/07 No violations
12/13/07
12/19/07
Asbestos BAAQMD 10/11/07 No violations
SMOP BAAQMD 3/1/07 No violations
Sanitary Annual compliance sampling WRD 10/1/07 — 10/2/07  No violations
sewer
Categorical sampling/inspection WRD 10/10/07 No violations
Building 153
Categorical sampling/inspection 10/16/07 No violations
Building 321C
Quarterly BOD/TSS Monitoring WRD 3/9/07 Sampling for billing purposes, not compliance
6/7/07 Sampling for billing purposes, not compliance
9/18/07 Sampling for billing purposes, not compliance
11/7/07 Sampling for billing purposes, not compliance

LLNL Environmental Report 2007
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Table 2-2 (cont.). Inspections of Livermore site and Site 300 by external agencies in 2007.

Site Medium Description Agency Date Finding
L.ivermore Storage Compliance with underground storage ACDEH 9/10/07 No violations
site (cont.) tanks tank requirements and operating permits 9/17/07
Pesti- Pest control records inspections ACCDA 11/14/07 No violations
cides
Site 300 Waste Permitted hazardous waste operational DTSC 3/19/07-3/20/07 DTSC issued one violation for failure to provide the specified number of
facilities (EWTF, EWSF, Building 883 training hours to an LLNL Site 300 Field Technician for Basic Respirator
CSA), RCRA-closed, post-closure permit- Training (course #HS4610) and Self-Contained Breathing Apparatus
ted facility Building 829 Open Burn Facil- Training (course #HS4360). LLNL provided the additional training hours
ity, and a review of hazardous waste- on August 2, 2007, and submitted a corrective action letter to DTSC on
related documentation (CEI). August 28, 2007. DTSC reviewed the corrective action letter and deter-
mined that no further action would be required. The DTSC corrective
action response letter was dated October 3, 2007.
Hazardous waste generator area inspec- SJCEHD- 6/25/07 During an inspection of the machine shop in Building 875, one violation
tion (WAAs, SAAs and hazardous waste- CUPA was issued for failure to make a hazardous waste determination of ma-
related related records for hazardous chine grinding waste generated from metal grinding operations. The
waste generator activities only). corrective action letter committed to managing metal grind waste as
either hazardous waste in compliance with 22 CCR Division 4.5, Chapter
11 and 22 CCR Division 4.5, Chapter 12, or scrap metal as defined in 22
CCR Division 4.5, Chapter 10, Article 2, 66260.10. The corrective action
letter and Return to Compliance Certification were submitted to
SJCEHD-CUPA on July 25, 2007.
Vehicle Biennial transportation terminal inspection CHP 1/17/07 No violations
Air 36 emission sources SJVAPCD 4/3/07 No violations
Water Permitted operations CVRWQCB 4/23/07 No violations
10/29/07
Storage Compliance with underground storage SICEHD 9/12/07 No violations
tanks tank requirements and operating permits 9/19/07

Note: See the Acronyms and Glossary section for acronym definitions.
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In 2007, LLNL also operated 9 soil vapor treatment facilities. The 31 soil vapor extraction wells
and 27 dual extraction wells produced nearly 1.5 million m3 of soil vapor, and the treatment
facilities removed more than 247 kg of VOCs. Since initial operation, more than 8.9 million m3
of soil vapor have been extracted and treated, removing over 1300 kg of VOCs from the
subsurface.

Community Relations. Livermore site community relations activities in 2007 included
communication and meetings with neighbors and local, regional, and national interest groups and
other community organizations; public presentations; maintenance of information repositories
and an administrative record; tours of site environmental activities; and responses to public and
news media inquiries. In addition, DOE/LLNL met with members of Tri-Valley Communities
Against a Radioactive Environment (Tri-Valley CARESs) and the organization’s scientific advisor
as part of the activities funded by an EPA Technical Assistance Grant (TAG). Community
questions were also addressed via electronic mail, and project documents, letters, and public
notices were posted on a public website: http://www-envirinfo.lInl.gov.

2.1.1.2 Site 300 CERCLA Project

Remedial activities are ongoing at Site 300, which became a CERCLA site in 1990 when it was
placed on the National Priorities List. Remedial activities are overseen by the EPA, the Central
Valley Regional Water Quality Control Board (CVRWQCB), and DTSC, under the authority of
an FFA for the site. Contaminants of concern at Site 300 include VOCs (primarily TCE), high
explosive compounds, tritium, depleted uranium, silicone-based oils, nitrate, perchlorate,
polychlorinated biphenyls, dioxins, furans, and metals. The contaminants present in
environmental media vary within the different environmental restoration operable units (OUs) at
the site. See Webster-Scholten (1994), and Ferry et al. (1999) for background information on
LLNL environmental characterization and restoration activities at Site 300. See Ferry et al.
(2006) for the current status of cleanup progress for sites that were remediated under an Interim
Site-Wide Record of Decision (U.S. DOE 2001). In 2007, LLNL met all regulatory and DOE
milestones on schedule. The Site-Wide Record of Decision for Site 300 establishing final cleanup
actions and standards is scheduled for completion in 2008.

Treatment Facilities and Field Investigations. During 2007, LLNL operated 15 groundwater
and 5 soil vapor treatment facilities at Site 300. The 40 groundwater extraction wells and 18 dual
phase extraction wells extracted about 34 million L of groundwater during 2007. The 18 dual
phase extraction wells and 2 soil vapor extraction wells together removed 1.5 million m3 of soil
vapor.

In 2007, the Site 300 treatment facilities removed about 62 kg of VOCs, 0.1 kg of perchlorate,
390 kg of nitrate, 0.16 kg of the high explosive compound RDX, and 0.029 kg of silicone-based
oil. Since remediation efforts began in 1990, more than 1351 million L of groundwater and
approximately 9 million m3 of soil vapor have been treated, removing about 510 kg of VOCs,
0.7 kg of perchlorate, 5300 kg of nitrate, 0.94 kg of RDX, and 9.4 kg of silicone-based oil.
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During 2007, the following field activities were completed by agreed-upon regulatory due dates:

» Modification of the B830-DISS groundwater treatment system in the Building 832 Canyon OU.

* Modification of the B854-PRX groundwater treatment system in the Building 854 OU.

In 2007, 16 boreholes were drilled at Site 300—one was drilled to collect soil and rock for
chemical analysis, 3 were completed as extraction wells for groundwater treatment systems, and
12 were completed as monitoring wells for tracking of groundwater contaminant plumes.

Community Relations. The Site 300 CERCLA Project maintains continuing communications
with the community of Tracy and nearby neighbors. Community relations activities in 2007
included maintenance of information repositories and an administrative record; participation in
community meetings and workshops; tours of site environmental activities; offsite, private, well-
sampling activities; mailings to stakeholders; and providing responses to public and news media
inquiries. LLNL hosted TAG meetings with Tri-Valley CARES to provide a forum for focused
discussions on CERCLA activities at Site 300. A public workshop and meeting were held in
Tracy for the Site-Wide Proposed Plan for the Remediation of Site 300 on February 16, 2007, and
June 20, 2007, respectively.

Emergency Planning and Community Right-to-Know Act and Toxics Release
Inventory Report

Title 111 of SARA, known as the Emergency Planning and Community Right-to-Know Act
(EPCRA), requires owners and operators of facilities who handle certain hazardous chemicals on
site to provide information on the release, storage, and use of these chemicals to organizations
responsible for emergency response planning. Executive Order 13423, Strengthening Federal
Environmental, Energy, and Transportation Management, directs all federal agencies to comply
with the requirements of the EPCRA, including SARA, Section 313, the Toxic Release Inventory
(TRI) Program.

On June 11, 2007, LLNL submitted to DOE/NNSA the TRI Form R for lead, detailing environ-
mental release estimates for Site 300. Form R is used for reporting TRI chemical releases and
includes information about waste management and waste minimization activities. The data on
lead release estimates show a 5.2% decline from the previous reporting year; this decline will
eventually plateau as activities reach their minimum levels. EPCRA requirements and LLNL
compliance are summarized in Table 2-3.

Resource Conservation and Recovery Act and Related State Laws

The Resource Conservation and Recovery Act (RCRA) provides the framework at the federal
level for regulating solid wastes, including wastes designated as hazardous. The California
Hazardous Waste Control Act (HWCA) and California Code of Regulations (CCR) Title 22 set
requirements for managing hazardous wastes and implementing RCRA in California. LLNL
works with DTSC to comply with these regulations and obtain hazardous waste permits.
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Table 2-3. Compliance with EPCRA.

EPCRA
section Brief description of requirement LLNL action
302 Notify SERC of presence of extremely hazardous substances. Originally submitted 5/87.
303 Designate a facility representative to serve as emergency Update submitted 3/23/07.
response coordinator.
304 Report releases of certain hazardous substances to SERC and  No reportable releases in 2007.
LEPC.
311  Submit MSDSs or chemical list to SERC, LEPC, and Fire Update submitted 3/23/07.
Department.
312  Submit hazardous chemical inventory to local administering Submitted to San Joaquin and Alameda
agency (county). counties on 1/08/07 and 3/1/07,
respectively.
313 Submit Form R to U.S. EPA and California EPA for toxic Form R for lead for Site 300 submitted to
chemicals released above threshold levels. DOE 6/11/07; DOE forwarded it to U.S.

EPA and California EPA 6/27/07.

214

The hazardous waste management facilities at the Livermore site consist of permitted units in
Area 612 and Buildings 693, 695, and 696 of the Decontamination and Waste Treatment Facility
(DWTF). Permitted waste management units include container storage, tank storage, and various
treatment processes (e.g., wastewater filtration, blending, and size reduction). Final closure was
granted by the DTSC for Area 514, and closure approval for the Building 233 container storage
unit (CSU) is expected once LLNL submits the Closure Report to the DTSC. LLNL also expects
to receive DTSC’s approval of the Building 419 Closure Plan during fiscal year 2008. During
2006/2007, LLNL submitted several permit modification requests to DTSC that have all been
approved and are being implemented, including six Class 2 permit modifications.

The hazardous waste management facilities at Site 300 consist of three operational RCRA-
permitted facilities. The Explosives Waste Storage Facility (EWSF) and the Explosives Waste
Treatment Facility (EWTF) are permitted to store and treat explosives waste, respectively. The
Building 883 container storage area (CSA) is permitted to store routine facility-generated waste
such as spent acids, bases, contaminated oil, and spent solvents. Site 300 has one post-closure
permit for the RCRA-closed Building 829 High Explosives Burn Pits. LLNL is currently in the
process of renewing the hazardous waste facility permit for EWSF, EWTF, and Building 883
CSA. The Building 829 permit will not expire until April 2, 2013. Transportation of hazardous or
mixed waste over public roads occurs by DTSC-registered transporters. DTSC issued hazardous
waste transporter registration #1351 to LLNS on October 16, 2007.

Hazardous Waste Source Reduction and Management Review Act

The California Hazardous Waste Source Reduction and Management Review Act of 1989 (Senate
Bill 14), requires LLNL to complete a Source Reduction Plan and Summary Report every four
years. LLNL waste streams over five percent (by weight) of the total routine regulated waste were
evaluated for waste reduction opportunities, and all extremely hazardous waste streams were
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evaluated. The Pollution Prevention (P2) Team contributed data from both LLNL sites to a
multiple-site plan developed for all DOE California sites. A combined report was submitted by
DOE in 2007 for the reporting year 2006.

California Medical Waste Management Act

All LLNL medical waste management operations are conducted in accordance with the California
Medical Waste Management Act (CMWMA). The program is administered by the California
Department of Health Services (DHS) and is enforced by the Alameda County Department of
Environmental Health (ACDEH). LLNL's medical waste permit is renewed on an annual basis
and covers medical waste generation and treatment activities for the eight Biosafety Level

(BSL) 2 facilities, and the BSL 3 facility at Building 368.

Radioactive Waste and Mixed Waste Management

LLNL manages radioactive waste and mixed waste in compliance with applicable sections of
DOE Order 435.1, and the LLNL-developed Radioactive Waste Management Basis for the
Lawrence Livermore National Laboratory (LLNL 2006), which summarizes radioactive waste
management controls relating to waste generators and treatment and storage facilities. LLNL
does not release to the public any property with residual radioactivity above the limits specified in
DOE Order 5400.5. Excess property of this type is either transferred to other DOE facilities for
reuse or transferred to LLNL’s Radioactive and Hazardous Waste Division for disposal.

Federal Facility Compliance Act

LLNL is continuing to work